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Mortality and Cold Tolerance of Calves with Different Ratios of Bos Indlcus to
Bos taurus Inheritance
Maurie J. Josey, Larry V. Cundiff, Robert M.Koch, Keith. E. Gregory, and G. LaRoy Hahn1
Introduction
Results from the Germplasm Evaluation Program (GPE)
at the Roman L. Hruska U. S. Meat Animal Research
Center (MARC) have shown that significant differences
exist among cows representing breeds of diverse biological
types In such production traits as 200-day weaning wt per
cow In the breeding herd. Production of Bas indicus F1
cross cows (Brahman and Sahlwal sired crosses out of
Hereford and Angus dams) was equalled only by F1 cross
cows sired by large size dual purpose breeds (Brown Swiss,
Gelbvleh, Simmental, Holstein and Maine Anjou crosses out
of Hereford and Angus dams) excelling in milk production
and genetic potential for growth. Indications are that the
advantages of Bas indicus crosses are associated with
greater heterosis found in Bas indicus x Bas taurus crosses
than is found in crosses of two Bas taurus breeds. In the
GPE program, F1 cross cows by diverse sire breeds were
compared when they were raising terminal three-breed
cross calves by bulls of an unrelated Bas taurus breed (e.g.,
Simmental or Brown Swiss). Thus, progeny of Bas indicus
sired F1 cross cows were 25% Bas indicus and 75% Bas
taurus compared to progeny of 100% Bas taurus inheri-
tance for all other F1 cross cows. Matings were made to
determine the optimum proportion of Bas indicus inheri-
tance in a temperate environment. Results for mortality and
cold tolerance of calves containing increasing proportions of
Bas indicus (0, 25, 50 and 75% Brahman or Sahiwal) rela-
tive to Bas taurus (100, 75, 50 and 25% Angus, Hereford or
Pinzgauer) inheritance are presented in this report.
Procedure
Data were obtained on 1,010 calves born at MARC in the
spring (late February to early May) of 1983, 1984, 1985 and
1986. Reciprocal backcross and F2 matings as outlined in
Table 1 provided calves with 0:100, 25:75, 50:50 and 75:25
ratios of Bas indicus to Bas taurus inheritance. The pure-
bred A, H, P, Band S sires used to produce the F1 cross
dams (Cycle III, Phase 2) were also used to produce the
backcross and F2 cross calves (Cycle III, Phase 4) evalu-
ated in this study. Sire to daughter matings were avoided to
prevent inbreeding. The F1 (HA, AH, PH, PA, BH, BA, SH,
and SA) sires used to produce F2 calves were produced in
1980 by mating the original purebred A, H, P, Band S sires
to Hereford and Angus dams from the base herd of the
Germplasm
Evaluation Program
Cows were maintained on improved pastures and fed hay
in winter. All cows were observed for calving difficulty and
assistance was given when necessary. All calves were tat-
tooed and tagged for identification and male calves were
castrated within 24 hr of birth. When signs of cold stress
such as increased shivering, glazed eyes, huddling and
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decreased activity were observed,calveswere placedin a
heat chamber for 30 mln to 3 hr. The chamber was rectan-
gular In shape, enclosed on three sides, open in the front
and elevated about 30 inches above the ground. Hot air
was forced upward Into the chamber through an expanded
metal floor by a forced air propane space heater placed in
front of the chamber at a distance manually regulated to
maintain ambient temperature withinthe chamber at about
100-120degrees Fahrenheit.
Data were recorded on calf mortalitybetween birth and
weaning (1 = died, 0 = alive), heat chamber usage (1 =
used, 0 = not used), and the combinationof calf mortalityor
heat chamberusage (1=calf died or survived onlywith aid
of heat chamber, 0 = calf livedwithoutaid of heat chamber).
The rationale for the latter trait assumes calves would have
died as a result of cold stress had they not been revived in
the heat chamber.
Weather records obtained by the Universityof Nebraska
South Central Station at MARCwere used to study effects
of avg daily temperature (classified into five levels: <30, 30
to <36, 36 to <41, 41 to <46, 46 to <52 and ~ 52°F) and pre-
cipitation (classified into two levels: ~ .1 in versus> .1 in
water equivalent) on the day of the calf's birth on mortality
and on heat chamber usage.
Ko was calculated according to the formuladeveloped by
Sippleand Passel (1945,Proc.Amer.Phil.Soc. 89: 177-199),
Ko= (10v112- v + 10.45) (33 - Td),
where Ko = heat loss in Kcal/m2/hr,v = mean daily wind
speed (m/s) and Td =avg daily temperature (OC).
Data were analyzed by least squares procedures with a
model (model 1) that included fixed effects for Bas
indicus:Bos taurus ratio, avg daily temperature class, pre-
cipitation class, and their two- and three-way interactions.
Model2 was the same except that a fixed effect for a wind
chillfactor (Koclassified into five levels: <700, 700 to 799,
800 to 899, 900 to 999, >999) on the day of each calf's birth
was substituted for temperature class.
Results
Table 2 presents means for breed group (B), avg daily
temperature classes and breed group-temperature sub-
classes. Mortalityincreased significantlyas the proportion
of Bas indicus and avg temperature on the day of birth
decreased, especially in calves that were 50% or more Bas
indicus. Mortalityfor Bas taurus calves (0:100)was not sig-
nificantly different from that for 25% Bas indicus (25:75)
calves, even on the coldest days. Heat chamber usage and
the combination of mortality or heat chamber usage also
increased significantlyin all breed groups as avg tempera-
ture on the day of birth decreased, but especially as propor-
tion of Bas indicus inheritance increased.
Precipitationon the day of birth did not significantlyaffect
mortality(Table 3). On the other hand, heat chamber usage
and the combination of mortality or heat chamber usage
were significantlyaffected by precipitation(Table 3). These
results indicate that precipitation effects would have
increased calf mortality, especially in calves with 50% or
moreBas indicus inheritance,if the calves had not been
placed in a heat chamber.
A significant interaction was noted among breed group-
temperature-precipitation classes. As proportion of 80S
indicus inheritance increased, the trend for mortality, heat
chamber usage, and their combination to increase with
declining temperatures was amplified in the presence of
precipitation. Mortality, heat chamber usage and their com-
bination were very high on cold-wet days.
Results for windchill (Ko) classes were very similar to
those for temperature classes (Table 4). Windchill
accounted for slightly more, but not significantly more, varia-
tion in mortality, heat chamber usage and the combination
of mortality or heat chamber usage than temperature
classes (Table 2). Mortality increased significantly as the
proportion of 80S indicus and windchill on the day of a calf's
birth increased.
Conclusions.
Results of this study reveal that calves with 50% or more
80S indicus inheritance are not as well adapted as calves
Table 1-Matlng plan to produce calves In 1983-1986
calf crops and their Bas Indlcus:Bos tsurus
Inheritance (1:T)a
a Matings among 80s indicus (Brahman, B; Sahiwal, 5) and 80s taUtUS (Hereford, H;
Angus, A; Pinzgauer, P) breeds provided calves for this study. Two letters denote sire
and dam breed of F1 crosses.
----
with only 25% or less 80S indicus inheritance to calving
conditions which can be characterized as cold (mean daily
temperature 41°F or less), cold and wet (46°F or less com-
bined with .1 inch ~r more precipitation), or cold and windy(Ko > 800 Kcal/m /hr). Results for heat chamber usage
and for the combination of mortality or heat chamber usage
indicate that losses would have been especially severe
without use of the heat chamber. Fortunately, a majority of
calves are born under more favorable calving conditions
than these, even in March and April in Nebraska. However,
to avoid calf losses associated with cold stress, the calving
season should be changed to coincide with warmer months
of the year (May to October at MARC) or matings should be







sire AH HA PH PA BH BA SH SA I:T
A X X X 0:100
H X X X 0:100
HA&AH X X 0:100
P X X 0:100
PH X 0:100
PA X 0:100
A X X 25:75





B X X 75:25
S X X 75:25
Table 2-Means for breed group and average dally
temperature classes
Temp.
Bos indicus:Bos taurus ratioclass
(P) 0;100 25:75 50:50 75:25 Mean
Number of calves
52 or more 118 33 57 42 250
46 to <52 71 26 42 17 156
41 to <46 75 11 28 26 140
36 to <41 73 29 44 25 171
30 to <36 89 26 50 21 186
less than 30 53 14 28 12 107
Total 479 139 249 143 1010
Mortality, birth to weaning, %
more than 52 2 0 4 1 2
46 to <52 2 5 0 4 2
41 to <46 5 0 4 36 11
36 to <41 2 4 4 41 13
30 to <36 1 2 22 37 16
less than 30 3 8 12 9 8
Mean 3 3 8 21
Heat chamber required, %
more than 52 0 0 0 0 0
46 to <52 0 0 10 17 7
41 to <46 4 0 2 27 8
36 to <41 14 17 30 32 23
30 to <36 16 34 54 27 33
less than 30 29 17 66 86 50
Mean 11 11 27 31
Mortality or heat chamber, %
more than 52 2 0 4 1 2
46 to <52 2 5 10 20 9
41 to <46 9 0 6 54 17
36 to <41 16 21 34 52 30
30 to <36 17 36 64 60 44
less than 30 32 25 76 86 55
Mean 13 14 32 46
--
54
Table 3-Means for breed group and precipitation Table 4-Means for breed group and windchill (Ko)
classes classes-
Precipitation Windchill 80s indicus:80s taurus ratioclass Bos indicus:Bos taurus ratio class
(inches) 0:100 25:75 50:50 75:25 Mean (Ko) 0:100 25:75 50:50 75:25 Mean
Number of calves Number of calves
Less than .1 403 122 212 114 851 700 or less 228 65 110 75 478
More than .1 76 17 37 29 159 700 to 799 79 26 44 24 173
Total 479 139 249 143 1010 800 to 899 74 18 45 21 158
900 to 999 57 17 25 16 115
Mortality,birthto weaning, % 999 or more 41 13 25 7 86
Less than .1 4 6 12 15 9 Total 479 139 249 143 1010
Morethan .1 1 0 3 28 8
Mean 3 3 8 21 Mortality,birthto weaning, %
700 or less 2 2 3 10 4
Heat chamber required, % 700 to 799 4 4 2 28 10
Less than .1 6 10 14 24 14 800 to 899 1 3 20 39 16
More than .1 15 13 40 39 27 900 to 999 1 0 11 54 16
.Mean 11 11 27 31 999 or more 4 9 11 0 6
Mean 3 4 9 26
Mortalityor heat chamber, %
Less than .1 10 16 25 33 21 Heat chamber required, %
Morethan .1 16 13 40 58 32 700 or less 0 0 3 7 3
Mean 13 14 32 46 700 to 799 8 2 5 25 10
800 to 899 3 25 40 29 24
900 to 999 29 45 38 54 41
999 or more 29 14 73 84 50
Mean 14 17 32 40
Mortalityor heat chamber, %
700 or less 3 2 6 16 7
700 to 799 12 6 7 53 19
800 to 899 4 28 54 55 35
900 to 999 29 45 43 78 47
999 or more 33 23 82 83 55
Mean 16 21 38 56
